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SUPPLIMENTAL	TABLE	3.	Characteristics	and	anthropometry	of	 study	participants:	 comparing	 term	(≥	37	weeks)	and	preterm	(<37	
weeks)	newborn	infants	classified	using	gestational	age	based	on	early	ultrasound	
SUPPLIMENTAL	 TABLE	 4.	 Comparison	 of	 Gestational	 Age	 allocation	 by	 various	 postnatal	 methods	 of	 gestational	 age	 estimation:	
comparing	term	(≥	37	weeks)	and	preterm	(<37	weeks)	newborn	infants	classified	using	gestational	age	based	on	early	ultrasound	



















































































































































































































































































































































































13	(11-17)	 13	(11-17)	 14	(10-17)	 0	
Gestational	age	at	birth,	according	
to	early	ultrasound	(weeks)1	
34	(29-36)	 33	(29-35)	 38	(38-38)	 0	
Male	sex	 51	(48%)	 40	(48%)	 11	(48%)	 0	











	 	 	 	
<	1000g	 17	(16%)	 17	(20%)	 0	 	
≥	1000,	<	1500g	 20	(19%)	 20	(24%)	 0	 	
≥	1500,	<	2500g	 42	(40%)	 38	(46%)	 4	(17%)	 	
≥	2500g	 27	(25%)	 8	(10%)	 19	(83%)	 	












Appropriate	for	Gestational	Age	 72(68%)	 55(66%)	 17(74%)	 	
Large	for	Gestational	Age	 9(8%)	 4(5%)	 5(22%)	 	
	 	 	 	 	






















































































































































































































































































































































































































































25 30 35 40 45
Early ultrasound Ballard
Early ultrasound versus Ballard score








25 30 35 40 45
Gestational age in weeks, rounded to nearest week
FLC, foot length by calipers; FLR, foot length by ruler; LMP, last menstrual period; US, ultrasound
Comparing postnatal clinical methods to early ultrasound


































25 30 35 40 45
Mean weeks
 observed average agreement
95% limits of agreement
 regression line
n=106 newborn infants
Mean bias=-0.14 (95% LOA -2.93 to 2.65)
Comparing total Ballard score to early ultrasound


























25 30 35 40 45
Mean weeks
 observed average agreement
95% limits of agreement
 regression line
LMP, last menstrual period (all); n=81 newborn infants
Mean bias=-0.70 (95% LOA -7.85 to 6.44)
Comparing LMP to early ultrasound









































25 30 35 40 45
Mean weeks
 observed average agreement
95% limits of agreement
 regression line
LMP, last menstrual period (sure dates only); n=51 newborn infants
Mean bias=-0.01 (95% LOA -5.80 to 5.79)
Comparing LMP with sure dates to early ultrasound


























25 30 35 40
Mean weeks
 observed average agreement
95% limits of agreement
 regression line
FLR = foot length by ruler converted into GA; n=106 newborn infants
Mean bias=1.35 (95% LOA -2.77 to 5.48)
Comparing foot length estimates to early ultrasound











































25 30 35 40
Mean weeks
 observed average agreement
95% limits of agreement
 regression line
FLC = foot length by caliper converted into GA; n=105 newborn infants
Mean bias=1.85 (95% LOA -2.24 to 5.95)
Comparing foot length estimates to early ultrasound


































25 30 35 40
Mean weeks
 observed average agreement
95% limits of agreement
 regression line
'End of bed' = informal clinical assessment; n=87 newborn infants
Mean bias=0.06 (95% LOA -2.86 to 2.98)
Comparing 'end of bed' to early ultrasound


























0.00 0.25 0.50 0.75 1.00
1-Specificity
Ballard, total score (AUROC 0.96, SE 0.02)
Ballard, total neuro-muscular score (AUROC 0.93, SE 0.02)
Ballard, total physical score (AUROC 0.97, SE 0.02)
n=106 neonates
To identify preterm (<37 week) neonates











0.00 0.25 0.50 0.75 1.00
1-Specificity
Foot length by ruler (AUROC 0.95, SE 0.02)
Foot length by calipers (AUROC 0.96, SE 0.02)
n=105 neonates
To identify preterm (<37 week) neonates









































0.00 0.25 0.50 0.75 1.00
1-Specificity
Birth weight (AUROC 0.95, SE 0.02)
Head circumference (AUROC 0.95, SE 0.02)
Mid-upper arm circumference (AUROC 0.94, SE 0.02)
Abdominal circumference (AUROC 0.93, SE 0.03)
n=99 neonates
To identify preterm (<37 week) neonates






































≥	-11,	<-5	 20	 ≥	-11,	<	-7.5		 20	
	 	 	 ≥	-7.5,	<-5	 21	
	 ≥	-5,	<	0	 22	 ≥	-5,	<-2.5	 22	
	 	 	 ≥	-2.5,	<	0	 23	
	 ≥	0,	<	5	 24	 ≥	0,	<	2.5	 24	
	 	 	 ≥	2.5,	<	5	 25	
	 ≥	5,	<	10	 26	 ≥	5,	<	7.5	 26	
	 	 	 ≥	7.5,	<	10	 27	


















	 	 	 ≥	12.5,	<	15	 29	
	 ≥	15,	<	20	 30	 ≥	15,	<	17.5	 30	
	 	 	 ≥	17.5,	<	20	 31	
	 ≥	20,	<	25	 32	 ≥	20,	<	22.5	 32	
	 	 	 ≥	22.5,	<	25	 33	
	 ≥	25,	<	30	 34	 ≥	25,	<	27.5	 34	
	 	 	 ≥	27.5,	<	30	 35	
	 ≥	30,	<	35	 36	 ≥	30,	<	32.5	 36	
	 	 	 ≥	32.5,	<	35	 37	
	 ≥	35,	<	40	 38	 ≥	35,	<	37.5	 38	
	 	 	 ≥	37.5,	<	40	 39	
	 ≥	40,	<	45	 40	 ≥	40,	<	42.5	 40	
	 	 	 ≥	42.5,	<	45	 41	
	 ≥	45,	<	50	 42	 ≥	45,	<	47.5	 42	
	 	 	 ≥	47.5,	<	50	 43	
	 ≥	50	 44	 ≥	50	 44	
Foot	length	
(mm)2	
≤44	mm	 <24	 <44	mm	 23	
	 44.1-45.9	mm	 24	 ≥44,	<46	mm	 24	
	 46.0-48.9	mm	 25	 ≥46,	<49	mm	 25	
	 49.0-51.9	mm	 26	 ≥49,	<52	mm	 26	
	 52.0	–	53.9	mm	 27	 ≥52,	<54	mm	 27	
	 54.0-55.9	mm	 28	 ≥54,	<56	mm	 28	
	 56.0-58.9	mm	 29	 ≥56,	<59	mm	 29	
	 59.0-60.9	mm	 30	 ≥59,	61<	mm	 30	
	 61.0-63.9	mm	 31	 ≥61,	64<	mm	 31	


















	 66.0-68.9	mm	 33	 ≥66,	<69	mm	 33	
	 69.0-70.9	mm	 34	 ≥69,	<71	mm	 34	
	 71.0-72.9	mm	 35	 ≥71,	<73	mm	 35	
	 73.0-75.9	mm	 36	 ≥73,	<76	mm	 36	
	 76.0-77.9	mm	 37	 ≥76,	<78	mm	 37	
	 78.0-80.9	mm	 38	 ≥78,	<81	mm	 38	
	 81.0-82.9	mm	 39	 ≥81,	<83	mm	 39	
	 83.0-84.9	mm	 40	 ≥83,	<85	mm	 40	
	 ≥	85.0	mm	 >40	 ≥85	 41	
Vascularity	of	
anterior	lens3	
Grade	0	 ≥	35	 Grade	0	 ≥	35	
Grade	1	 33-34	 Grade	1	 33-34	
Grade	2	 31-32	 Grade	2	 31-32	
Grade	3	 29-30	 Grade	3	 29-30	



















13	(11-17)	 13	(11-17)	 14	(10-17)	 0	
Gestational	age	at	birth,	according	
to	early	ultrasound	(weeks)1	
34	(29-36)	 33	(29-35)	 38	(38-38)	 0	
Category	of	prematurity	
(ultrasound)	
	 	 	 0	
Term	(≥37	weeks)	 23	(22%)	 0	 23	(100%)	 	
Moderate/late	preterm		
(≥32,	<37	weeks)		
47	(44%)	 47	(57%)	 0	 	
Very	preterm	(≥28,	<32	weeks)	 28	(26%)	 28	(34%)	 0	 	
Extremely	preterm	(<28	weeks)	 8	(8%)	 8	(9%)	 0	 	
Male	sex	 51	(48%)	 40	(48%)	 11	(48%)	 0	









Categories	of	birth	weight	 	 	 	 0	












≥	1000,	<	1500g	 20	(19%)	 20	(24%)	 0	 	
≥	1500,	<	2500g	 42	(40%)	 38	(46%)	 4	(17%)	 	
≥	2500g	 27	(25%)	 8	(10%)	 19	(83%)	 	
Birthweight	percentile	for	
gestational	age,	categories1	
	 	 	 0	
<3rd	percentile	 17	(16%)	 16	(19%)	 1	(4%)	 	
≥	3rd,	<	10th	percentile	 8	(7%)	 8	(10%)	 0	 	
≥	10th,	<	50th	percentile	 44	(42%)	 36	(43%)	 8	(35%)	 	
≥	50th,	<	90th	percentile	 28	(26%)	 19	(23%)	 9	(39%)	 	
≥	90th,	97th	percentile	 5	(5%)	 3	(4%)	 2	(9%)	 	










	 	 	 9	
<3rd	percentile	 7	(7%)	 6	(8%)	 1	(5%)	 	
≥	3rd,	<	10th	percentile	 9	(9%)	 9	(12%)	 0	 	
≥	10th,	<	50th	percentile	 42	(43%)	 33	(43%)	 9	(43%)	 	
≥	50th,	<	90th	percentile	 29	(30%)	 24	(31%)	 5	(24%)	 	
≥	90th,	97th	percentile	 5	(5%)	 2	(3%)	 3	(14%)	 	








































































34	(29-36)	 33	(29-35)	 38	(38-38)	 0	
Gestational	age	at	birth,	according	
to	postnatal	methods	(weeks)	
	 	 	 	
By	Ballard	score	 34	(30-36)	 32	(30-34)	 38	(36-40)	 0	
By	last	menstrual	period	(all)	 34	(31-37)	 32	(29-36)	 38	(37-39)	 25	
By	last	menstrual	period	(sure	
dates)	
33	(30-37)	 32	(29-36)	 38	(37-39)	 55	
By	foot	length	(caliper)	 31	(28-35)	 30	(27-32)	 36	(35-38)	 1	
By	informal	“end	of	bed”	
assessment	
34	(30-36)	 33	(29-35)	 38	(37-39)	 19	
Total	Ballard	score	(raw	score)	 26	(18-32)	 24	(15-29)	 38	(34-41)	 0	
Anterior	lens	assessment	 	 	 	 21	
Grade	0	(~	≥35	weeks)	 30	(35%)	 14	(22%)	 16	(76%)	 	
Grade	1	(~	33-34	weeks)	 22	(26%)	 17	(27%)	 5	(24%)	 	
Grade	2	(~	31-32	weeks)	 9	(11%)	 9	(14%)	 0	 	
Grade	3	(~	29-30	weeks)	 5	(6%)	 5	(8%)	 0	 	













































































































































































































































































































































Ballard	Score	(total)	 26	(18-32)	 26	(18-33)	 0.89	(0.85-0.93)	 -0.15	 -8.97	to	8.68	 n=103		
Ballard	Score	(physical)	 13	(8-16)	 13	(8-17)	 0.88	(0.83-0.92)	 -0.28	 -5.74	to	5.19	 n=102	
Ballard	Score	(neuromuscular)	 13	(10-16)	 13	(10-16)	 0.77	(0.68-0.84)	 0.10	 -5.54	to	5.73	 n=103	
Gestation	based	on	Ballard	overall	score	
(wks)3	
34	(30-36)	 34	(30-36)	 0.88	(0.83-0.92)	 -0.04	weeks	 -3.8	to	3.7	weeks	 n=103	






Grade	0	(~≥35	weeks’	gestation)	 24/64	(37%)	 31/69	(45%)	 	 	 	 	
Grade	1	(~33-34	weeks’	gestation)	 13/64	(20%)	 13/69	(19%)	 	 	 	 	
Grade	2	(~31-32	weeks’	gestation)	 12/64	(19%)	 4/69	(6%)	 	 	 	 	
Grade	3	(~29-30	weeks’	gestation)	 3/64(5%)	 8/69	(12%)	 	 	 	 	






0.93	(0.89-0.95)	 0.2	cm	 -2.5	to	2.9	cm	 n=90	
	
	 49	

































































































































































































































































































































































































































































































































































































































































































































































































0 10 20 30 40 50
Assessor 1 measurement
Ballard score 95% CI
Fitted regression line
Mean bias: -0.15 (95% LOA -8.97 to 8.68)
Rho = 0.89 (95% CI 0.85-0.93)
Among 103 newborns


















25 30 35 40 45
Assessor 1 measurement
Gestation in weeks 95% CI
Fitted regression line
Mean bias=-0.05 (95% LOA -3.66 to 3.56)
Rho = 0.88 (95% CI 0.84-0.92)
Among 103 newborns





























20 25 30 35 40
Assessor 1 measurement
HC in cm 95% CI
Fitted regression line
Mean bias=0.06 (95% LOA -3.33 to 3.45)
Rho = 0.89 (95% CI 0.84-0.93)
Among 90 newborns



















15 20 25 30 35 40
Assessor 1 measurement
AC in cm 95% CI
Fitted regression line
Mean bias=0.32 (95% LOA -2.95 to 3.60)
Rho = 0.93 (95% CI 0.90-0.96)
Among 98 newborns






























40 50 60 70 80 90
Assessor 1 measurement
Foot length, mm 95% CI
Fitted regression line
Mean bias=0.65 (95% LOA -5.00 to 6.31)
Rho = 0.96 (95% CI 0.95-0.98)
Among 103 newborns



















40 50 60 70 80 90
Assessor 1 measurement
Foot length, mm 95% CI
Fitted regression line
Mean bias=0.45 (95% LOA -4.67 to 5.56)
Rho = 0.97 (95% CI 0.95-0.98)
Among 102 newborns























0.00 0.25 0.50 0.75 1.00
1-Specificity
Ballard, total score (AUROC 0.96, SE 0.02)
Ballard, total neuro-muscular score (AUROC 0.93, SE 0.02)
Ballard, total physical score (AUROC 0.96, SE 0.02)
n=106 neonates
To identify preterm (<34 week) neonates











0.00 0.25 0.50 0.75 1.00
1-Specificity
Foot length by ruler (AUROC 0.92, SE 0.02)
Foot length by calipers (AUROC 0.93, SE 0.02)
n=105 neonates
To identify preterm (<34 week) neonates















0.00 0.25 0.50 0.75 1.00
1-Specificity
Birth weight (AUROC 0.94, SE 0.02)
Head circumference (AUROC 0.93, SE 0.02)
Mid-upper arm circumference (AUROC 0.94, SE 0.02)
Abdominal circumference (AUROC 0.91, SE 0.03)
n=99 neonates
To identify preterm (<34 week) neonates



















0.00 0.25 0.50 0.75 1.00
1-Specificity
Ballard, total score (AUROC 0.95, SE 0.02)
Ballard, total neuro-muscular score (AUROC 0.91, SE 0.04)
Ballard, total physical score (AUROC 0.94, SE 0.02)
n=106 neonates
To identify preterm (<28 week) neonates











0.00 0.25 0.50 0.75 1.00
1-Specificity
Foot length by ruler (AUROC 0.95, SE 0.02)
Foot length by caliper (AUROC 0.95, SE 0.02)
n=105 neonates
To identify preterm (<28 week) neonates














0.00 0.25 0.50 0.75 1.00
1-Specificity
Birth weight (AUROC 0.94, SE 0.03)
Head circumference (AUROC 0.93, SE 0.03)
Mid-upper arm circumference (AUROC 0.91, SE 0.04)
Abdominal circumference (AUROC 0.92, SE 0.04)
n=99 neonates
To identify preterm (<28 week) neonates
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Title: Manuscript ID JTP-2020-228-OP - A comparison of the accuracy of various methods 
of postnatal gestational age estimates, including Ballard score, Foot-length, Vascularity of the 
Anterior Lens, Last Menstrual Period and a clinician's non structured estimate. Version:1  
 
Date: 22 June 2010 Reviewer’s Report Thank you for the opportunity to review this 
manuscript in which the authors attempt to assess the validity of alternative and less-
expensive methods of gestational age and preterm birth assessment in a peri-urban hospital in 
South Africa. General comments: While I appreciate that writing style differs, I feel that the 
manuscript currently reads as a ‘collection of facts’ that do not culminate in justification for 
this study. The introduction could be improved upon.  
 
There are already so many studies investigation so different methods of GA assessment/ 
maturity in newborns. The authors need to therefore show why their study is important – e.g. 
is it due to a lack of population (country)-specific data The authors present a lot of data in the 
results that is difficult to follow. I also find the tables crowded with a lot of information. The 
discussion should begin with a statement on the key findings of the study in relation to the 
study objectives. I have not checked the journal requirements, but most biomedical journals 
do not permit sub-headings in the discussion.  
 
The discussion mostly repeats the results without critically reviewing the most clinically 
significant positive or negative findings from this study in relation to findings from similar 
studies in the region or other LMICs.  
 
Specific Major Comments A) Introduction 1. “Improving methods of ascertaining gestational 
age has been identified as a research priority by the World Health Organisation (3). In 
developing countries relatively few mothers have access to early (dating) ultrasounds(3).” 
This selected reference (3) does not apply to any of the statements for which it has been used. 
It is also from the year 2000 which makes it rather old for an issue which is considered a 
research priority.  
2. “The accuracy of postnatal gestational age estimates has been extensively studied in the era 
before early ultrasound scanning became routine.” Please include appropriate reference(s) 
here. 
 3. “These studies were at high risk of bias and confounding as the methods of gestational age 
estimate were evaluated against an imperfect standard: the last menstrual period.” Again, 
please include reference(s) here appropriate to the validity of the LMP 
 4. “It also categorises which babies need admission to a neonatal unit, which babies need 
methylxanthines to prevent apnoea of prematurity” – reference please  
5. References (5) and (6) are the same. 
 6. “The paper highlighted the need to specifically look at SGA babies and further 
recommended research into the use of lens vascularity as a potential method (6) This second 
part of this statement is inaccurate. The authors of the referenced systematic review state : 
“An important consideration is that the avascular capsule of the lens (AVCL) completely 




Furthermore, the AVCL exam requires specialized skills with an ophthalmoscope, which may 
limit the feasibility and scalability in LMIC.”  
7. “We used an ultrasound scan before 20 weeks as the clinical reference standard in this 
prospective, hospital based study.” This statement belongs to the methods section  
 
B) Methods  
1. Please check reference (9) it is incomplete. 
 2. More information on the study setting would improve understand of the context. How 
many deliveries per year in the hospital? What is the standard practice for fetal USS 
assessment during ANC? Do you have any idea of what proportion of women attend ANC 
and have an USS done? What are the inpatient neonatal services? Was neonatal GA 
assessment the standard practice before the study? If yes, who usually performs this?  
3. Convenience sampling was used aiming to recruit every consecutive eligible baby who 
was identified when the researchers were present on the unit six days a week. Why was 
convenience sampling used? Which unit do the authors refer to? 
 4. Mothers with newborn infants aged less than 48 hours were invited to participate in the 
study if they had had a dating ultrasound scan performed before 20 weeks of gestation and 
had either delivered at Groote Schuur, or were transferred there in time for the baby to be 
examined before 48 hours of age. I’m unable to follow the process of recruitment. Would the 
mothers have a copy of the USS report and be expected to bring it along with them or would 
this information be on the antenatal card?  
5. If the authors used an ultrasound scan before 20 weeks as the clinical reference standard in 
this Study, it is important that the USS have been performed reliably in the first instance. For 
the women who were transferred to Groote Schur, must the USS have been performed at 
Groote Schur or does this not matter? 
 6. In accordance with international guidelines, we assigned early ultrasound-based 
estimation of gestational age (GA) at birth as the clinical reference standard for this study 
(8,10). The guidelines referenced are the Canadian (8) and American (9) guidelines. Is there 
any particular reason why these were chosen above others?  
7. last menstrual period (LMP; overall and limited to women who were confident of the last 
date) – one of the limitations in the use of LMP is recall bias. How confident were the authors 
themselves of the women’s confidence? Did these women have documented evidence of 
there LMP (e.g journal??)  
8. Please spell out FLC and FLR in full at first use  
9. Maternal interviews, data abstraction and clinical assessments were completed by study 
staff, consisting of three junior medical clinicians who had completed their internship and 
had been working in the neonatal unit for at least six months. Specialized neonatologists 
provided structured, standardized training in foot-length measurement, Ballard scoring and 
anterior lens assessment.  
10. Given that you have numerous definitions (e.g. SGA, AGA/LGA etc), it would be in 
order to have a sub-section on definitions.  
11. Lens assessment requires specialized skills with an ophthalmoscope, and this skill is not 
acquired overnight. How long was the training by the neonatologists? Did any of the 
neonatologists carry out an independent assessment of the lenses of study participants as a 
quality control measure 
 12. “…..using non-stretchable measuring tape following standardized procedures.” What do 
the authors mean by “standardized procedures”?  
13. “Finally, study clinicians assessed the vascularity of anterior lens (anterior lens analysis, 
ALA) using direct ophthalmoscopy, without dilatation. Grading of lens vascularity was based 




dilated the pupils of study participants. How were the study clinicians able to adequately 
visualise and grade the lens without dilatation?  
14. Something is missing here: “….gestational age by ultrasound was dichotomized into (a) 
≥37 vs 10 provide stronger evidence of the presence of a diagnosis (here, being preterm < 34 
weeks’ gestation (supplemental figure 2, supplemental table 3)….” What do the authors mean 
by ‘moderate to good diagnostic performance’?  
D) Results 1. The vascularity completely disappears after 35 weeks of gestation, so the lens 
vascularity is not a useful tool for differentiating preterm from term infants. This is already 
known in the literature and so I do not see the rationale for including it in the study or its 
usefulness. 
 2. However, despite using junior clinicians, interrater variability was low for most of the 
clinical measures, suggesting that our findings may be generalisable to non-hospital settings 
provided junior clinicians have access to adequate training. I disagree with this viewpoint. 
The authors did not compare the findings by the junior doctors which those by experienced 
senior clinicians/neonatologists.  
3. High interrater variability in ALA suggested a high risk of misclassification bias, thereby 
precluding meaningful evaluation of diagnostic accuracy for this potentially useful clinical 
measure. This statement appears to contradict an earlier statement (see Discussion comment 1 
above); kindly explain the potential usefulness of lens examination.  
 
Level of interest: An article whose findings are important to those with closely related 
research interests 
 Quality of written English: Acceptable Statistical review: A statistical review is needed. 
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